Molecular control of ovulation and luteinization in the primate follicle.
In recent years, significant progress was made, particularly through the use of the macaque monkey, in identifying three types of local factors that are induced by the midcycle LH surge and play a critical role in ovulation and/or luteinization of the primate follicle. The ovulatory gonadotropin surge increases prostaglandin (PTG, typically abbreviated PG) levels in follicles prior to rupture; although considerable attention has focused on LH stimulation of the "inducible" form of PG G/H synthase (PTGS2), other aspects of PG synthesis (notably a phospholipase A2, cPLA2, and a PGE synthase, PTGES) and metabolism (15-hydroxy PG dehydrogenase, HPGD) also appear LH-regulated and may control the timing of the PG rise in the ovulatory follicle. Local (intrafollicular) ablation and replacement of PGs suggests that PGE2 is essential for release of the oocyte; but not necessarily for follicle rupture, and not for luteinization. Novel PGE-regulated genes are being identified in macaque granulosa cells, including adipose differentiation-related protein (ADFP). Similar types of studies indicate that the rise in progesterone (P) synthesis, as well as the induction of the genomic P receptor in granulosa cells, is essential for both ovulation and luteinization of the primate follicle. Limited data suggest that P action controls cell cycle activity (via cyclin B1 and cyclin-dependent kinase inhibitor p27), cholesterol uptake and utilization (e.g., low density lipoprotein or LDL receptor), proteases and their inhibitors (matrix metalloproteinase or MMP1; tissue inhibitor of MMP or TIMP1) and cell health in the granulosa cell layer. Finally, members of two classes of angiogenic factors, originally proposed as important for embryonic and pathologic (tumorigenic) vasculogenesis, appear induced in the granulosa layer of the preovulatory follicle, i.e., vascular endothelial growth factor (VEGF) and angiopoietin (ANGPT). Local injection of antagonists to VEGF (soluble VEGF receptor) and ANGPT (the natural antagonist ANGPT2) into the preovulatory follicle suppressed ovulation and luteinization in monkeys, possibly by disrupting the structure-function of existing vessels or preventing angiogenesis in the avascular granulosa layer. Further studies using high-throughput genomic and proteomic analysis, particularly on specific cell types (e.g., granulosa, theca and microvascular cells) and distinct follicular regions (apex, base and cumulus-oocyte complex) of the dominant follicle in natural menstrual cycles, are needed. Such information is essential to advance our understanding of the cascade of events leading to ovulation and luteinization of the primate follicle, to unravel the causes of ovary-based infertility and to consider novel ovary-selective approaches to contraception.